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(54) UQUID CRYSTAL DISPLAY AND MANUFACTURE THEREFOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
display not causing a malfunction by the light, integrally 
molded with a driving circuit. 
SOLUTION: This liquid crystal display has a picture 
element switch 3 composed of a nonmonocrystal 
semiconductor in a position where data wiring and 
scanning wiring in an image display part cross each other 
and has an active matrix base board having a peripheral 
driving circuit 4, which drives the picture element switch 
and is composed of a monocrystal semiconductor, on a 
periphery of the image display part and a counter base 
board 8 opposed to the active matrix base board through 
a liquid crystal material 10. The picture element switch 3 
and the peripheral driving circuit 4 are formed on base 
boards 1 and 2 on which at least a surface has insulating 
performance. Therefore, the switch 3 of a picture 
element part composed of a polycrystal semiconductor, 
does not cause a malfunction by the light, and becomes 
highly reliable. Therefore, a high definition liquid crystal 
display can be provided. 



* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An active matrix substrate which is provided with a picture element switch which 



becomes a position which data wiring and scanning wiring in a picture display part cross from a 
non single crystal semiconductor, and is provided with a circumference drive circuit which drives 
said picture element switch to the circumference of said picture display part, and becomes it 
from a single crystal semiconductor. 

A counter substrate which counters said active matrix substrate via a liquid crystal material. 
It is the liquid crystal display provided wtth the above, and said picture element switch and said 
circumference drive circuit are formed on a substrate whose surface is insulation at least. 

[Claim 2]The liquid crystal display according to claim 1 in which said substrate whose surface is 
insulation at least is a quartz substrate. 

[Claim 3]The liquid crystal display according to claim 1 in which said substrate whose surface is 
insulation at least is a semiconductor substrate which has an insulating layer on the surface. 
[Claim 4]It has a picture element switch which becomes a position characterized by comprising 
the following which data wiring and scanning wiring in a picture display part cross from a non 
single crystal semiconductor, A manufacturing method of a liquid crystal display which has an 
active matrix substrate provided with a circumference drive circuit which drives said picture 
element switch to the circumference of said picture display part, and becomes it from a single 
crystal semiconductor, and a counter substrate which counters said active matrix substrate via 
a liquid crystal material. 

A process of a process of manufacturing said active matrix substrate forming a porosity 
semiconductor layer on the surface of a semiconductor substrate, forming a nonvesicular 
semiconductor layer in the surface of said porosity semiconductor layer, forming an insulating 
layer in the surface of said nonvesicular semiconductor layer, and removing said semiconductor 
substrate and said porosity semiconductor layer. 

A process of forming said circumference drive circuit in said nonvesicular semiconductor layer, 
and removing a nonvesicular semiconductor layer of said picture display part, and forming said 
picture element switch on said insulating layer. 

[Claim 5]A manufacturing method of the liquid crystal display according to claim 4 which pastes 
a quartz substrate together when forming an insulating layer in the surface of said nonvesicular 
semiconductor layer. 

[Claim 6]A manufacturing method of the liquid crystal display according to claim 4 which pastes 
together to the surface a semiconductor substrate which has an insulating layer when forming an 
insulating layer in the surface of said nonvesicular semiconductor layer. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]An object of this invention is to provide the high definition formed on a 
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glass substrate or an insulating semiconductor substrate, and the active matrix type liquid 

crystal display and manufacturing method of a high pixel. 

[0002] 

[Description of the Prior Art]Although the display has been conventionally used widely 
considering CRT as a center, the planar display of liquid crystal display has spread considerably 
in recent years. A comparatively large-sized liquid crystal display provides the electrode of 
stripe shape in two parallel plate glass which counters respectively, two boards are arranged so 
that an electrode may intersect perpendicularly and it may face each other, and many what is 
called simple matrix types into which it comes to pour a liquid crystal are adopted as this 
crevice. In this case, drive IC for applying voltage to a picture element region will paste up the IC 
chip formed on the semiconductor substrate on a glass substrate afterwards. 
[0003]On the other hand in a small high definition liquid crystal display, the active-matrix type 
display which provides a switching transistor for every pixel is needed. As for electronic view 
finders (EVF) carried in the present camcorder, all serve as this type mostly. A this active- 
matrix type liquid crystal display is explained. 

[0004]The rough lineblock diagram of the drive circuit of the active-matrix liquid crystal display 
conventionally used for drawing 15 was shown. 401 — a transparent substrate and 402 show a 
buffer part, 403 shows a horizontal shift register part, and, as for liquid crystal picture elements 
and 406, a picture element switch and 405 show a vertical shift register part respectively 404. 
The luminance signal and audio signal of television are compressed into a certain zone, therefore, 
are driven to the horizontal shift register 403 with the driving ability which can follow in 
footsteps of the frequency, and are sent to the buffer part 402. Next, a signal is transmitted to a 
liquid crystal in the period which the picture element switch 401 turns on with the vertical shift 
register 404. 407 is scanning wiring which sends a scanning signal to the picture element switch 
401 from the vertical shift register 404. 408 is data wiring which sends a luminance signal from 
the buffer part 402. 

[0005]if the performance required of each circuit considers a high-definition television — frame 
frequency [ of 60 Hz ], about 1000 scanning line number, and horizontal scanning period about 
30microsec. (effective scan period 27microsec), and the number of horizontal picture elements, 
if it is about 1 500 pieces, A TV signal is transmitted to a buffer part on the frequency of about 
45 MHz. Therefore, as performance required of each constituent circuits, the driving ability of 1 
horizontal shift register is not less than 45 MHz. 

2) The driving ability of a vertical shift register is not less than 500 kHz. 

3) The driving ability of the transfer switch which drives with a horizontal register and transmits 
a TV signal to a buffer part is not less than 45 MHz. 

4) The driving ability of a picture element switch is not less than 500 kHz. 

It will say. Driving ability here is Vm-(Vm-Vt)/N within the above-mentioned period, when trying 
to take out the gradation number N in liquid crystal picture elements and threshold voltage of 
the liquid crystal which can obtain the voltage which gives the transmissivity of the maximum or 
the minimum of a liquid crystal from Vm and a V-T curve (voltage-transmittance curve) is set to 
Vt. [V]It means that the above voltage is transmitted. 

[0006]From now on, a picture element switch and the vertical shift register of driving ability may 
be comparatively small so that clearly, but a high-speed drive is needed for a horizontal shift 
register and a buffer part. Forming the picture element switch and the vertical shift register in 
the liquid crystal and the monolithic conventionally by the polycrystal and the amorphous silicon 
TFT which were deposited on the glass substrate, as mentioned above, other peripheral circuits 
have corresponded by mounting an IC chip from outside, however, the size of a screen — steps 
— if it becomes small, it will become difficult to carry out drive circuit external. In order to raise 
especially the resolution of a screen, when a pixel number is increased, it becomes technical 
very difficult for a disadvantageous top to connect the signal wire to each switching transistor 
with IC for a drive by wire bonding also in respect of cost. 

[0007]Although the trial which it is going to form in a monolithic to a peripheral circuit with 
polycrystalline silicon is made now, since the driving ability of each TFT is small, transistor size 
is enlarged or the complicated device is needed on the circuit. When polycrystalline silicon is 



used the driving ability of a peripheral circuit, supposing it is going to heighten above, this will 
have no choice but to use. However, the art which forms a single crystal film with sufficient 
controllability by uniform thickness on a glass substrate is seldom reported. The method (JP,5- 
21338.A) using the lamination art of a wafer and the selective etching technique of porous silicon 
as what provided the quality single-crystal-silicon thin film is on a glass substrate in the example 
of a report. 
[0008] 

[Problem(s) to be Solved by the Invention]A single-crystal-silicon thin film can be formed on a 
transparent substrate or an insulating semiconductor substrate, and even if it makes and loads a 
monolithic with a switching transistor and a peripheral circuit with the liquid crystal display using 
it, another problem may occur. A material called single crystal silicon is not only exaggerated 
spec, as a pixel switching transistor, but it generates an optical carrier within a layer, when light 
(for example, back light of liquid crystal display) is hit conversely, Although a transistor is an OFF 
state, it is producing what is called optical leak that generates current. For this reason, all the 
pixels will become being the same as that of an ON state, and a screen will become white as a 
result. 

[0009]That is, although it is so possible to drive a semiconductor device at high speed that the 
charge mobility in a semiconductor layer is large as described above, the leakage current at the 
time of OFF of TFT will increase, so that the charge mobility in a semiconductor layer is large. 
This produces the problem that the light leakage current excited by the light which enters into 
TFT will increase from the exterior. In the case of the above-mentioned amorphous silicon TFT, 
in the case of the polycrystalline silicon TFT, the leakage current at the time of OFF serves as a 
10 ~ 9 - 10 ~ 10 A grade to the leakage current at the time of OFF being a 10 " 11 - 10 " 13 A grade. 
This originates in the specific resistance of polycrystalline silicon being low compared with 
amorphous silicon. The actual condition is adding improvement to TFT structures, such as 
adopting a dual gate and a LDD method in the case of the polycrystalline silicon TFT, and used, 
Therefore, specific resistance is lower than the polycrystalline silicon TFT, and a still more 
complicated device is needed in the large single crystal silicon TFT of the leakage current at the 
time of OFF. Increase of the above-mentioned light leakage current, for example with the back 
light of the luminosity 3000 - 4000 cd/m 2 . In the light transmission type TFT active-matrix- 
liquid-crystal display used as the illumination 1400 - 1600LX, when a polycrystalline silicon 
element is used as TFT, can acquire 100:1 or more contrast, but When a single-crystal-silicon 
element (silicon-on-insulator desubstrate) is used, the problem on display quality — it becomes 
impossible to acquire only about 70 to 80:1 contrast etc. — may be produced. 
[001 0]A transparent substrate like glass in view of the above-mentioned problem at this 
invention. Or it aims at providing the art which forms the high peripheral circuit of driving ability, 
and a pixel switching transistor without optical leak in a monolithic, and also providing a high- 
density and high definition liquid crystal display and its manufacturing method on an insulating 
semiconductor substrate. 
[001 1] 

[Means for Solving the Problem]The following inventions were obtained as a result of this 
invention person's trying hard wholeheartedly, in order to solve a problem mentioned above. 
Namely, a liquid crystal display of this invention is provided with a picture element switch which 
becomes a position which data wiring and scanning wiring in a picture display part cross from a 
non single crystal semiconductor, An active matrix substrate provided with a circumference drive 
circuit which drives said picture element switch to the circumference of said picture display part, 
and becomes it from a single crystal semiconductor, In a liquid crystal display which has a 
counter substrate which counters said active matrix substrate via a liquid crystal material, said 
picture element switch and said circumference drive circuit are formed on a substrate whose 
surface is insulation at least. Here, even if said substrate whose surface is insulation at least is a 
quartz substrate, it may be a semiconductor substrate which has an insulating layer on the 
surface. 

[0012]This invention also includes an invention of a manufacturing method of a liquid crystal 
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display. This invention, i.e., a manufacturing method of a liquid crystal display of this invention, It 
has a picture element switch which becomes a position which data wiring and scanning wiring in 
a picture display part cross from a non single crystal semiconductor, A manufacturing method of 
a liquid crystal display which has an active matrix substrate provided with a circumference drive 
circuit which drives said picture element switch to the circumference of said picture display part, 
and becomes it from a single crystal semiconductor, and a counter substrate which counters 
said active matrix substrate via a liquid crystal material is characterized by comprising: 
A process of a process of manufacturing said active matrix substrate forming a porosity 
semiconductor layer on the surface of a semiconductor substrate, forming a nonvesicular 
semiconductor layer in the surface of said porosity semiconductor layer, forming an insulating 
layer in the surface of said nonvesicular semiconductor layer, and removing said semiconductor 
substrate and said porosity semiconductor layer. 

A process of forming said circumference drive circuit in said nonvesicular semiconductor layer, 
and removing a nonvesicular semiconductor layer of said picture display part, and forming said 
picture element switch on said insulating layer. 

Here, when forming an insulating layer in the surface of said nonvesicular semiconductor layer, 
even if it pastes a quartz substrate together, a semiconductor substrate which has an insulating 
layer may be pasted together to the surface. 
[0013] 

[Embodiment of the Invention] 

(Embodiment 1) How to form a single-crystal-silicon thin film on a transparent substrate is first 
explained using drawing 1 - drawing 3 in this invention. 

[0014]( Drawing 1 (a)) Anodization of the single crystal silicon substrate 100 is carried out, and 
the porous silicon 101 is formed. The single-sided surface layer (several micrometers - tens of 
micrometers) of a substrate may be sufficient as the thickness porosity-ized at this time. 
Anodization of the whole substrate may be carried out. The formation method of porous silicon is 
explained using drawing 3 . The single crystal silicon substrate 300 of P type is first prepared as a 
substrate. Also with N type, although it is not impossible, where it was limited to the substrate of 
low resistance in that case, or it irradiated the substrate face and generation of a hole is 
promoted, it must carry out. It sets to a device as shows drawing 3 (a) the substrate 300. That 
is, one side of the substrate is in contact with the solution 304 of a fluoric acid system, the 
negative electrode 306 is taken at the solution side, and the reverse side is in contact with the 
positive metal electrode 305. As shown in drawing 3 (b), positive electrode side 305' does not 
care about potential at all via solution 304', either. Anyway, porosity-ization takes place from the 
negative electrode side which is in contact with the fluoric acid system solution. Generally as the 
fluoric acid system solution 304, dark fluoric acid (49%HF) is used. If it dilutes with purity (H 2 0), 
it will be based also on the current value to pass, but since etching takes place from a certain 
concentration, it is not desirable. It is generated by air bubbles from the surface of the substrate 
300 in anodization, and alcohol may be added as a surface-active agent from the purpose of 
removing these air bubbles efficiently. Methanol, ethanol, propanol, isopropanol, etc. are used as 
alcohol. A churning machine is used instead of a surface-active agent, and anodization may be 
performed, agitating a solution. About the negative electrode 306, material which is not eroded to 
a fluoric acid solution, for example, gold, (Au), platinum (Pt), etc. are used, although the metallic 
material generally used may be sufficient as the construction material of the electrode 305 by 
the side of right — anodization — the substrate 300 — since the fluoric acid system solution 
304 reaches the positive electrode 305 when made by all, it is good to also coat the surface of 
the positive electrode 305 with the metal membrane of fluoric acid-proof solution nature. The 
current value which performs anodization is maximum number 100 mA/cm 2 , and the minimum 
should not just be zero. This value is determined as the surface of the porosity-ized silicon 
within limits which can perform good epitaxial growth. The density of a porous silicon layer 
becomes small at the same time the speed of anodization will increase, if a conventional current 
value is large, namely, the volume which a hole occupies — **** — it hears — it becomes. The 
conditions of epitaxial growth change by this. 



[0015]( Drawing 1 (b)) On the porous layer 101 formed as mentioned above, the nonvesicular 
single crystal silicon layer 102 is grown epitaxially. Epitaxial growth is performed by the general 
heat CVD, the decompression CVD and plasma CVD, molecular beam epitaxy, a sputtering 
technique, etc. What is necessary is just to make thickness which grows the same with the 
designed value of active layer thickness. 

[0016]( Drawing 1 (c)) The surface of the epitaxial layer 102 is oxidized (103). This is because it 
becomes a factor which it is [ factor ] easy to carry out the segregation of the impurity to a 
lamination interface, and the uncombined hand (dangling bond) of the atom of an interface 
increases [ factor ], and destabilizes the characteristic of a thin film device when an epitaxial 
layer is directly pasted together to a supporting board at the following process. However, if this 
process considers the device configuration that the above-mentioned phenomenon does not 
pose a problem rather than is indispensable, it may not necessarily be skipped. 
[0017]When oxidizing, oxide film thicknesses should just have the thickness of the grade which is 
not influenced by the contamination out of the atmosphere incorporated into a lamination 
interface. 

[0018]( Drawing 1 (d)) The substrate 100 with which the above-mentioned surface oxidized and 
which carries out an epitaxial side owner, and the transparent insulating substrate 1 1 0 used as a 
supporting board are prepared, and it pastes together, after washing both substrates. As for the 
supporting board 1 10, silica glass, glass ceramics, other high-heat-resistance glass, etc. are 
mentioned. A cleaning method is performed according to the process of washing the usual 
semiconductor substrate (for example, before oxidation). When a substrate is pressurized on the 
whole surface after pasting together, there is an effect which raises the intensity of junction. 
[0019]And the substrate mutually stuck on the next is heat-treated. Although the higher one of 
heat treatment temperature is preferred, since the porous layer 101 may cause a structural 
change or the impurity contained in the substrate may be spread in an epitaxial layer when too 
not much high, it is necessary to choose the temperature and time which do not start these. 
Specifically, about 600-1 100 ** is preferred. There are some which cannot be heat-treated at an 
elevated temperature depending on a substrate. For example, when the supporting board 1 1 0 is 
silica glass, it can heat-treat only at the following temperature of about 200 ** from the 
difference in the coefficient of thermal expansion of silicon and quartz. The substrate pasted 
together when this temperature was exceeded will separate in stress, or will break. However, the 
heat treatment just bears the stress in the case of grinding of the bulk silicon 100 and etching 
which are performed at a next process. Therefore, even if it is 200 ** or less in temperature, a 
process can be performed by optimizing the surface treatment conditions of activation. 
[0020]( Drawing 1 (e)) Next it leaves the epitaxial growth layer 102, and the silicon board part 100 
and the porous part 101 are removed selectively. First, the silicon board part 100 is ground with 
a surface grinder etc., or organic alkali solutions, such as alkali solutions, such as a potassium 
hydrate and an ammonia solution, or TMAH (tetramethylammonium hydroxide), remove it. In 
etching, it is effective to carry out in a not less than 80 ** temperature solution. Since the 
solution of an alkali system hardly etches Si0 2 , if a supporting board is glass, only a silicon board 
part can be etched selectively. It is also possible to carry out etching removal with fluoric acid, 
nitric acid, or the acid mixed liquor that added acetic acid etc. to this. However, it is better to 
avoid prolonged use, since fluoric acid nitric acid system etchant also etches some supporting 
boards. 

[0021]Once ending etching, when the silicon board part 100 is etched and the porous part 101 is 
exposed, the exposed porous part 101 performs selective etching using the mixed solution of 
fluoric acid/hydrogen peroxide solution, or an alkali solution. By controlling appropriately, the 
etch selectivity of porous silicon and single crystal silicon can take the concentration of the 
etching reagent at this time about a maximum of 100,000 times. In the case of a fluoric acid 
system, the several ppm fluoric acid concentration of liquid concentration is about 10 ppm from 
0.1% preferably from several percent. In the case of an alkali system, ammonia, TMAH 
(tetramethylammonium hydroxide), ethylenediamine, etc. are mentioned, but it is preferred to 
etch by the same concentration as the time of a fluoric acid system respectively. In order to 
perform uniform etching at the same time it permeates an etching reagent efficiently in a porous 
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hole in the case of etching and promotes etching, it is good to use an ultrasonic cleaner. 
However, since an etch rate rises a little with an ultrasonic wave, cautions are required. 
[0022]Next, the procedure which forms a liquid crystal display is explained to the substrate 
obtained by the above-mentioned process using drawing 2 . 

[0023]( Drawing 2 (a)) All the portions that hit fields other than the transistor of the portion 
which is equivalent to the peripheral circuit of a liquid crystal display, and a picture element 
region in the transparent substrate 210 provided with the single-crystal-silicon thin film 202 are 
etched. That is, the transistor of a peripheral circuit carries out mesa separation. This is because 
the area of a membranous consecutive part will become large and a slip and a crack will be 
generated in a thin film with the internal stress from the big difference in the coefficient of 
thermal expansion of a glass substrate and a silicone film, when a transistor is separated by 
LOCOS etc. A monocrystal silicon film is a hundreds of A super-thin film, or if the whole process 
is realized in the low temperature process, since it is in the direction in which the absolute value 
of stress is held down, you may not be mesa separation. 

[0024]( Drawing 2 (b)) In order to form the switching transistor of a picture element region, 
amorphous or the polycrystalline silicon 203 is deposited. The decompression CVD, weld slag, 
etc. are used as a deposition method. 

[0025](Drawing 2 (c)) Amorphous or polycrystalline silicon deposited on fields other than a pixel 
switching transistor is etched. 

[0026] ( Drawing 2 (d)) According to the usual semiconductor process, the circumference drive 
circuit 204 and the pixel switching transistor 205 are formed respectively. 
[0027] ( Drawing 2 (e)) The liquid crystal 206 is enclosed and mounted. 

[0028]By performing the above process, the liquid crystal display of high driving ability which 
equipped the single crystal film on a clear glass board with the peripheral circuit, and equipped 
the non single crystal thin film with the picture element transistor respectively can be created 
now. 

[0029](Embodiment 2) Drawing 4 is a sectional view showing Embodiment 2 of the liquid crystal 
display by this invention. The insulating layer 2 is formed on the silicon substrate 1 here, and the 
amorphous silicon layer 3 and the single crystal silicon layer 4 are formed on the insulating layer 
2. On the amorphous silicon layer 3, at least one or more amorphous silicon elements 5 are 
formed, and at least one or more single-crystal-silicon elements 6 are formed on the single 
crystal silicon layer 4. This amorphous silicon element 5 and the single-crystal-silicon element 6 
are electrically connected. The opening 7 which the insulating layer 2 from which the silicon 
substrate 1 was removed directly under the portion in which the amorphous silicon layer 3 is 
formed exposed is formed. The cover glass 8 which furthermore countered with the amorphous 
silicon element 5, and has been arranged, and the surrounding sealing agent 9 have enclosed the 
liquid crystal 10 with inside. Here, the amorphous silicon element 5 was set to TFT. 
[0030]The semiconductor device shown in drawing 4 is a transmission type TFT active-matrix- 
liquid-crystal display. In the above-mentioned composition, the display of a liquid crystal is 
visualized because the light which entered from the outside penetrates a liquid crystal layer. 
Although this film for outcrossing, a picture element electrode, a counterelectrode, a filter, a 
polarizing plate, etc. are required in a liquid crystal display, it is omitting here. 
[0031] Drawing 5 and 6 are process drawings showing the manufacturing method of the liquid 
crystal display shown in this embodiment. 1-10 are the same as that of drawing 4 here. The 
process in drawing 5 is as follows, (a) Form the insulating layer 2 on the silicon substrate 1. (b) 
Laminate the amorphous silicon layer 3 after patterning the insulating layer 2 and exposing a part 
of silicon substrate 1. (c) Perform recrystallization of the amorphous silicon layer 3 from the 
exposed part of the silicon substrate 1. However, not all the amorphous silicon layers 3 
recrystallize, but the amorphous silicon layer 3 and the single crystal silicon layer 4 are formed 
on the insulating layer 2. (d) Form the amorphous silicon element 5 and the single-crystal-silicon 
element 6 on the amorphous silicon layer 3 and the single crystal silicon layer 4. Here, only the 
CMOS transistor was shown as a nMOS transistor and the single-crystal-silicon element 6 as 
the amorphous silicon element 5. Although not illustrated, the amorphous silicon element 5 and 
the single-crystal-silicon element 6 are electrically connected with the metal electrode. The 



back [ this ] is explained using drawing 6. (a) Enclose the liquid crystal 10 and close the 
circumference with the sealing agent 9, after countering with the amorphous silicon element 5 
and arranging the cover glass 8. Although not illustrated here, on the amorphous silicon element 
5, a transparent insulating film, a transparent pixel electrode, an orienting film, etc. are formed, 
and a transparent insulating film, a transparent counter electrode, an orienting film, a filter, etc. 
are formed on the cover glass 8. Although not illustrated similarly, the insulation protection film 
is formed on the single-crystal-silicon element 6. (b) Remove a part of silicon substrate 1 , and 
form the opening 7 directly under amorphous silicon element 5. Thereby, the field in which the 
amorphous silicon element 5 was formed serves as a light transmittance state. By the above 
process, the transmission type TFT active-matrix-liquid-crystal display shown in drawing 1 can 
be obtained. 

[0032]An example which produced the above-mentioned semiconductor device concretely is 
shown below using drawing 5 and the process shown in 6. An oxide film is formed by thermal 
oxidation on a plane direction <100>, 125 mm in diameter, 625 micrometers in thickness, and the 
P type silicon wafer of 0.1 ohm of specific resistance cm. Here, it carried out under the 
conditions of the temperature of 1000 **, and oxidation rate 4.3 nm/min in oxygen / hydrogen 
gaseous mixture (0 2 :H 2 =4:6), and the 1.0-micrometer-thick oxide film was formed (pyrogenic 
oxidation). Next, after patterning an oxide film and exposing some p type silicon wafers by RIE 
(reactive ion etching), an amorphous silicon layer is laminated with a vacuum CVD method. Here, 
the temperature of 570 **, pressure 18Torr, Si 2 H g flow 10sccm, N 2 flow 3slm, and Ph diluted 
with N 2 to 1 0% were added, and the 0.2-micrometer-thick p type amorphous silicon layer was 
laminated under the conditions of rate-of-sedimentation 1 1 0 nm/min. At this time, Ph 
concentration in a p type amorphous silicon layer was 1x10 11 crrf 2 . 

[0033]Then, after irradiating an amorphous silicon layer with the pulse beam of 50 micrometers 
in diameter argon laser and fusing an amorphous silicon layer from the exposed part of a p type 
silicon wafer, recrystallization is performed and a 0.2-micrometer-thick single crystal silicon 
layer is formed on an oxide film. Only the portion which forms a circumference drive circuit is 
recrystallized at this time, and recrystallization does not perform the portion (liquid-crystal- 
display portion) which forms a pixel switching element, but considers it as as [ amorphous silicon 
layer ]. Then, using a publicly known integrated circuit manufacturing process, on an amorphous 
silicon layer, a pixel switching element is formed with nMOS composition, and a cycle drive 
circuit is formed by CMOS structure on a single crystal silicon layer. Here, the MOS transistor 
was made into the coplanar structure by a gate self aryne. By dry oxidation, gate oxide was 
formed under the conditions of the temperature of 1 1 50 **, and oxidation rate 3.4 nm/min, and 
was 50 nm in thickness. Then, after depositing a 440-nm-thick polycrystalline silicon layer, 
anisotropic dry etching is performed and a gate electrode is formed. Here, it carried out using 
the vacuum CVD method under the conditions of SiH 4 partial pressure 0.15Torr and rate-of- 
sedimentation 300 nm/min in the gaseous mixture of the temperature of 656 **, pressure 
0.25Torr, SiH 4 , and H 2 . 

[0034]Then, an ion implantation is performed and the source drain area of a MOS transistor is 
formed. About a pixel switching element, pour in As ion of dose 2x10 15 cnrf 2 here, and the 
source drain area of a nMOS transistor is formed, About a circumference drive circuit, pour in 
As ion of dose 1x10 16 cm~ 2 , and the source drain area of a nMOS transistor is formed, BF 2 ion 

of dose 2x10 15 cnrf 2 was poured in, and the source drain area of the pMOS transistor was 
formed. After the ion implantation, 1000 ** and heat treatment for 10 minutes are performed in 
nitrogen. Then, after laminating a 500-nmHJiick BPSG film (Borono-Phospho Silicate Glass), 
anisotropic dry etching is performed and a contact hole is formed. Metal electrode materials, 
such as aluminum, are deposited by a sputtering technique, dry etching is carried out to 
predetermined wiring shape, and a wiring section is formed. 

[0035]Then, it is a wrap about the whole surface with the transparent insulating film after a 
capacity portion forms a picture element electrode with transparent electrode materials, such as 



JP-A-H 10-293322 



9/26 



ITO. Then, a publicly known liquid crystal display assembly process is performed, and a liquid 
crystal cell is produced. Anisotropic etching by 90 ** TMAH (tetramethylammonium hydroxide) is 
performed at the last, and some p type silicon wafers are removed. An oxidizing film serves as an 
etching stopper layer here. Thereby, a liquid crystal part serves as a light transmittance state. 
[0036]The transmission type TFT active-matrix-liquid-crystal display shown in Embodiment 2 
becomes possible [ unifying and carrying a circumference drive circuit more highly efficient than 
before ]. 

[0037]About the manufacturing method of the transmission type TFT active-matrix-liquid- 
crystal display shown in this embodiment, it is possible to apply various methods and conditions, 
without being limited to the above-mentioned example. For example, an amorphous silicon layer 
can be laminated using arc discharge process, a reactive sputtering method, a glow discharge 
method, a heat CVD method besides the above-mentioned vacuum CVD method, an optical CVD 
method, plasma CVD method, vacuum deposition, etc. As lamination conditions, it is possible to 
use SiH 4 , SigHg, SiCI 4 , etc., for example by a glow discharge method. In this case, in SiH 4 , it is 
possible to laminate an amorphous silicon layer in the with the pressure 0.5 - 2.0Torr, the 
temperature of 250-350 **, and a glow oscillating frequency of 50-450 Hz range. It is also 
possible to perform recrystallization after depositing polycrystalline silicon besides amorphous 
silicon. As a laminating method, it is possible to use an ordinary pressure CVD method, a vacuum 
CVD method, plasma CVD method, etc. In this case, it is possible to dilute SiH 4 , Si 2 H 6 , SiH 2 Cl 2 , 
etc. with hydrogen or nitrogen, and to perform them by a vacuum CVD method, for example at 
the pressure 0.1 - 5.0Torr, and the temperature of 450-900 **. When diluting SiH 4 with nitrogen, 
SiH 4 concentration can be carried out in 20 to 30% of range. When laminating a polycrystalline 
silicon layer using the pyrolysis of SiH 4 , it is not necessary to dilute SiH 4> 
[0038]Although formation of the single crystal silicon layer is performed by irradiating with the 
pulse beam of argon laser by this embodiment, it is also possible to use excimer laser beams, 
such as CW laser beam, Q switch pulse laser beam, KrF, and XeCI, an electron beam, etc. This 
can be similarly applied, also when performing single crystaHzation of a polycrystalline silicon 
layer. It is also possible to perform single crystaHzation of an amorphous silicon layer or a 
polycrystalline silicon layer with the solid phase grown method by heat treatment besides the 
above-mentioned laser annealing solid phase grown method. In this case, an amorphous silicon 
layer is the range of 500-1200 ** temperature, a polycrystalline silicon layer is the range of 800- 
1200 ** temperature, and it is possible to heat with an infrared lamp or a strip heater in 
hydrogen or nitrogen, and to perform single crystaHzation. The formation of an oxide film can 
use an ordinary pressure CVD method, a vacuum CVD method, and plasma CVD method besides 
the above-mentioned thermal oxidation. It is possible to carry out by the halogen oxidation using 
dry oxidation, wet oxidation and steam oxidation, chloride besides the pyrogenic oxidation above- 
mentioned in thermal oxidation, etc., etc. It is also possible to use TEOS (tatraethoxysilane) in a 
CVD method. 

[0039]About a pixel switching element, it is also possible to use a pMOS transistor. About a 
circumference drive circuit, besides CMOS structure in order to improve driving ability further, it 
is also possible to consider it as Bi-CMOS structure containing a bipolar transistor. About the 
manufacturing conditions and the method of details, it is possible to adopt freely what can fill the 
performance required of the liquid crystal display produced. About etching of a silicon substrate, 
it is possible to use alkaline solutions, such as EDP (ethylenediamine pyrocatechol), hydrazine 
solution, KOH solutions, etc. (KOH/isopropanol, KOH / hydrazine mixed solution, etc.) besides 
the above-mentioned TMAH. 

[Q040]Although a liquid-crystal-display portion is still the cave formed on the silicon wafer in 
this embodiment, It is also possible to raise the dynamic strength of a liquid-crystal-display 
portion by filling up with or depositing light transmittance state insulation materials, such as 
silicone rubber, an epoxy resin or silicon oxide, and a silicon nitride film, on this portion. 
[0041 ]The dynamic strength of a liquid-crystal-display portion is described in more detail here. 
In the transmission type TFT active-matrix-liquid-crystal display shown in drawing 4 , as shown 



in drawing 6 (b), when the silicon substrate directly under a liquid-crystal-display portion is 
removed, a certain amount of tensile stress must be applied to the insulator layer 2. When 
excessive compression stress was applied to the insulator layer 2 here and the silicon substrate 
directly under a liquid-crystal-display portion is removed, therefore, wrinkles will keep in the 
insulator layer 2, or the insulator layer 2 will hang down with the dignity of the poured-in liquid 
crystal, and the problem of cell thickness becoming uneven will be produced. When the excessive 
tensile stress was conversely applied to the insulator layer 2 and the silicon substrate directly 
under a liquid-crystal-display portion is removed, the problem of a crack going into the insulator 
layer 2 will be produced. Therefore, in the case of the transmission type liquid crystal display 
shown in this embodiment, control of the stress concerning the insulator layers 2 currently 
formed, such as a pixel switching element, becomes very important. 

[0042]Although the oxide film is used as an insulator layer in this embodiment, it is also possible 
to use the cascade screen of a nitride and an oxide film, and a nitride. For example, when 400 nm 
of nitrides were laminated, the tensile stress was applied to this nitride and that cambered 
amount was about 30 micrometers. In the transmission type TFT active-matrix-liquid-crystal 
display which are 0.7 inch of vertical angles, and 4 micrometers of cell thickness, the tensile 
stress is applied to the TFT array substrate, and a liquid crystal display region should just be a 
range in which the cambered amount is 0-100 micrometers. When a nitride is used as an 
insulator layer, 1 00-600-nm thickness is needed. However, since a TFT array is actually formed 
on an insulator layer, stress and a cambered amount must be set up fulfill the above-mentioned 
range where a TFT array is formed. When a cambered amount exceeds 100 micrometers, a film 
will break by strong hauling. It is possible to use a thermal nitriding method, an ordinary pressure 
CVD method, a vacuum CVD method, plasma CVD method, etc. as a formation method of a 
nitride. 

[0043](Embodiment 3) Drawing 7 is a sectional view showing Embodiment 3 of the liquid crystal 
display by this invention. The insulating layer 2 is formed on the silicon substrate 1 here, and the 
polycrystalline silicon layer 1 2 and the single crystal silicon layer 4 are formed on the insulating 
layer 2. On the polycrystalline silicon layer 12, at least one or more polycrystalline silicon 
elements 1 3 are formed, and at least one or more single-crystal-silicon elements 6 are formed 
on the single crystal silicon layer 4. The picture element electrode 1 1 is formed on this 
polycrystalline silicon element 13, and the polycrystalline silicon element 13 and the single- 
crystal-silicon element 6 are electrically connected. The cover glass 8 which furthermore 
countered with the polycrystalline silicon element 13, and has been arranged, and the 
surrounding sealing agent 9 have enclosed the liquid crystal 10 with inside. Here, the 
polycrystalline silicon element 1 3 was set to TFT. 

[0044]The liquid crystal display shown in drawing 7 is a reflection type TFT active-matrix-liquid- 
crystal display. In the above-mentioned composition, the display of a liquid crystal is visualized 
because the light which entered into the liquid crystal layer reflects with a picture element 
electrode. Although this film for outcrossing, a counterelectrode, a filter, a polarizing plate, etc. 
are required in a liquid crystal display, it is omitting here. 

[0045] Drawing 8 and 9 are process drawings showing the manufacturing method of the liquid 
crystal display shown in this embodiment. 1-13 are the same as that of drawing 7 here. The 
process in drawing 8 is as follows, (a) Form the insulating layer 2 on the silicon substrate 1. (b) 
Laminate the polycrystalline silicon layer 12 after patterning the insulating layer 2 and exposing a 
part of silicon substrate 1. (c) Perform recrystallization of the polycrystalline silicon layer 12 
from the exposed part of the silicon substrate 1. However, not all the polycrystalline silicon 
layers 12 recrystallize, but the polycrystalline silicon layer 12 and the single crystal silicon layer 
4 are formed on the insulating layer 2. (d) Form the polycrystalline silicon element 13 and the 
single-crystal-silicon element 6 on the polycrystalline silicon layer 12 and the single crystal 
silicon layer 4. Here, only the CMOS transistor was shown as a pMOS transistor and the single- 
crystal-silicon element 6 as the polycrystalline silicon element 13. Although not illustrated, the 
polycrystalline silicon element 13 and the single-crystal-silicon element 6 are electrically 
connected with the metal electrode. 

[0046]After forming the picture element electrode 11 on the polycrystalline silicon element 13, it 
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counters with the polycrystalline silicon element 13, and the cover glass 8 is arranged, and after 
enclosing the liquid crystal 10, the circumference is closed with the sealing agent 9 ( drawing 9 ). 
Although not illustrated here, a transparent insulating film, an orienting film, etc. are formed on 
the polycrystalline silicon element 13, and a transparent insulating film, a transparent counter 
electrode, an orienting film, a filter, etc. are formed on the cover glass 7. Although not illustrated 
similarly, the insulation protection film is formed on the single-crystal-silicon element 6. Thereby, 
the field in which the polycrystalline silicon element 13 was formed serves as light reflex nature. 
By the above process, the reflection type TFT active-matrix-liquid-crystal display shown in 
drawing 7 can be obtained. 

[0047]The reflection type TFT active-matrix-liquid-crystal display shown in Embodiment 3 
becomes possible [ unifying and carrying a circumference drive circuit more highly efficient than 
before ]. 

[0048]About the manufacturing method of the reflection type TFT active-matrix-liquid-crystal 
display shown in this example, it is possible to apply various methods and conditions, without 
being limited to the above-mentioned example. Except constituting a picture element electrode 
from light reflex nature material, and not performing etching of a silicon substrate, if this 
embodiment is shown in Embodiment 1, it can be [ embodiment ] the same, therefore about the 
details of these embodiments other than the above, it can apply the same conditions shown in 
Embodiment 2, and a method. About an insulator layer, since a problem as shown in Embodiment 
2 does not arise, the flexibility of the design becomes large. 

[0049](Embodiment 4) Drawing 10 is process drawing showing the embodiment of the 
manufacturing method of the liquid crystal display shown in this Embodiment 4. 1-13 are the 
same as that of drawing 8 and 9 here, and 1 4 is a SOI substrate. The process in drawing 10 is as 
follows, (a) In SOI substrate 14, perform (b) patterning and expose a part of insulating layer 2. (c) 
Perform lamination of the polycrystalline silicon layer 12, and patterning, and form the 
polycrystalline silicon layer 12 on the insulating layer 2. (d) Form the polycrystalline silicon 
element 13 and the single-crystal-silicon element 6 on the polycrystalline silicon layer 12 and 
the single crystal silicon layer 4. Here, only the CMOS transistor was shown as a pMOS 
transistor and the single-crystal-silicon element 6 as the polycrystalline silicon element 13. 
Although not illustrated, the polycrystalline silicon element 13 and the single-crystal-silicon 
element 6 are electrically connected with the metal electrode. According to the process of 
drawing 5 f or a transmission type TFT active-matrix-liquid-crystal display, a reflection type TFT 
active-matrix-liquid-crystal display can be obtained according to the process of drawing 6 after 
this. 

[0050]The TFT active-matrix-liquid-crystal display of a transmission type or a reflection type 
shown in Embodiment 4 becomes possible [ unifying and carrying a circumference drive circuit 
more highly efficient than before ]. 

[0051] About the method of producing a SOI substrate, ion implantation, the pasting method, etc. 
are used directly. The method of ion implantation pouring in ion into a silicon substrate, carrying 
out embedded formation of the insulating layer, pouring in especially oxygen ion, and producing a 
SOI substrate is called the SIMOX method, and is used widely. After the pasting method pastes 
the silicon substrate of two sheets together via an insulating layer directly, lamination of one 
silicon substrate is carried out, it is produced, and polish or etching is used as the method of 
lamination. 

[0052]The SOI substrate used by this embodiment can be produced also in which method. For 
example, since it is possible to pour in oxygen ion into a silicon substrate, to pour in a nitrogen 
ion for an oxide film, and to carry out embedded formation of the nitride when ion implantation is 
used, it is possible to use an oxide film, nitrides, and those layered products as an insulating 
layer. When the pasting method is used directly, there is no restriction about an insulating layer 
and the forming method, thickness, etc. can be freely chosen according to the purpose of the 
semiconductor device produced. About pasting conditions, it is possible among the atmosphere, 
oxygen, and nitrogen the inside of inactive gas, such as argon, and to carry out in one of gaseous 
mixtures, a vacuum, and pure water etc. among these. About pasting stress-relief-heat- 
treatment conditions, it is possible among oxygen and nitrogen to choose freely in the range with 



a temperature of 900-1200 ** in oxygen and a nitrogen mixture body. 

[0053]This embodiment can be the same [ embodiment ] if the process after formation of a pixel 
switching element and a circumference drive circuit is shown in Embodiment 2 or 3, therefore 
about the details of these embodiments other than the above, it can apply the same conditions 
shown in Embodiment 2 or 3, and a method. In this embodiment, it is also possible to use a 
certain TFD (a thin-film diode, Thin FilmDiode) with 2 [ besides TFT ] terminal elements which 
are the 3 terminal elements above-mentioned as a pixel switching element. TFD needs to form 
neither an amorphous silicon layer nor a polycrystalline silicon layer in order to usually take MIM 
(Metal-Insulator-Metal) structure. In TFD, Ta is used as a lower electrode and Ta 2 0 5 etc. are 
used as Cr, Ti, and an inter-electrode insulating layer as an upper electrode in many cases. It is 
also possible to take the tandem construction which has arranged the TFD element in parallel 
and aimed at the characteristic improvement as a switching element in device structure. 
[0054] (Embodiment 5) Drawing 1 1 and 12 are process drawings showing Embodiment 5 of a liquid 
crystal display. 1-13 are the same as that of drawing 1 0 here, and 15 is an insulator. The 
process in drawing 1 1 is as follows, (a) Paste the silicon substrate 1 and the insulator 1 5 
together, (b) Perform patterning and expose a part of insulator 15, after carrying out lamination 
of the silicon substrate 1 and forming the single crystal silicon layer 4. (c) Perform lamination of 
the polycrystalline silicon layer 12, and patterning, and form the polycrystalline silicon layer 12 on 
the insulator 15. (d) Form the polycrystalline silicon element 13 and the single-crystal-silicon 
element 6 on the polycrystalline silicon layer 12 and the single crystal silicon layer 4. Here, only 
the CMOS transistor was shown as a nMOS transistor and the single-crystal-silicon element 6 
as the polycrystalline silicon element 13. Although not illustrated, the polycrystalline silicon 
element 13 and the single-crystal-silicon element 6 are electrically connected with the metal 
electrode. ( Drawing 1 2 ) Enclose the liquid crystal 10 and close the circumference with the 
sealing agent 9, after countering with the polycrystalline silicon element 1 3 and arranging the 
cover glass 8. Although not illustrated here, on the polycrystalline silicon element 13, a 
transparent insulating film, a transparent pixel electrode, an orienting film, etc. are formed, and a 
transparent insulating film, a transparent counter electrode, an orienting film, a filter, etc. are 
formed on the cover glass 8. Although not illustrated similarly, the insulation protection film is 
formed on the single-crystal-silicon element 6. A transmission type TFT active-matrix-liquid- 
crystal display can be obtained by the above process. 

[0055]An example which produced the above-mentioned liquid crystal display concretely is 
shown below using drawing 1 1 and the process shown in 1 2. After pasting together a plane 
direction <100>, 125 mm in diameter, 625 micrometers in thickness, the p type silicon wafer of 
0.1 ohm of specific resistance cm, and synthetic quartz glass (125 mm in diameter, and 625 
micrometers in thickness), heat treatment is performed and both are pasted together thoroughly. 
Here, after pasting together a p type silicon wafer and synthetic quartz glass in nitrogen, 450 ** 
and heat treatment of 2 hours were performed in nitrogen, and both were pasted together 
thoroughly. Next, after carrying out lamination of the p type silicon wafer to 0.3 micrometer in 
thickness, by RIE (reactive ion etching), a single crystal silicon layer is patterned and some 
synthetic quartz glass is exposed. Here, after carrying out lamination of the p type silicon wafer 
by grinding polish to 1 .0 micrometer in thickness, with the number Torr of pressures and an 
accelerating voltage of 1 eV or less plasma etching was performed, and the single crystal silicon 
layer of the above-mentioned thickness was obtained. A polycrystalline silicon layer is laminated 
with a vacuum CVD method. Here, the 0.2-micrometer-thick polycrystalline silicon layer was 
laminated under the conditions of SiH 4 partial pressure 0.15Torr and rate-of-sedimentation 300 
nm/min in the gaseous mixture of the temperature of 656 **, pressure 0.25Torr, SiH 4 , and H 2 . 
[0056]Then, a polycrystalline silicon layer is patterned. Then, using a publicly known integrated 
circuit manufacturing process, on a polycrystalline silicon layer, a pixel switching element is 
constituted from nMOS composition, and a circumference drive circuit consists of CMOS 
structure on a single crystal silicon layer. The liquid crystal display was produced according to 
the example shown in Embodiment 2 after including this process. However, in this embodiment, 
the synthetic quartz glass which is a light transmittance state insulator instead of a silicon 
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substrate is used, and the etching process of the silicon substrate shown in Embodiment 2 is 
skipped. 

[0057]The transmission type TFT a ctive-matrix-Hqu id-crystal display shown in Embodiment 5 
becomes possible [ unifying and carrying a circumference drive circuit more highly efficient than 
before ]. 

[0058]Although synthetic quartz glass is used as an insulator in this embodiment, it is possible to 
use fused-quartz glass, high melting point glass, borosilicate glass, silica glass, etc. for others. As 
a heat treatment condition after pasting, it is possible among oxygen and nitrogen to choose 
freely in the range with a temperature of 200-500 ** in oxygen and a nitrogen mixture body. 
[0059]This embodiment is the same as that of the manufacturing method of the semiconductor 
device by the direct pasting method shown in Embodiment 4 except producing a transmission 
type liquid crystal display, without performing etching of the point and silicon substrate using the 
SOI substrate directly produced by the method of pasting a single crystal silicon substrate and 
an insulator together, Therefore, about the details of this examples other than the above, it is 
possible to apply the same conditions shown in Embodiment 4 and a method. However, only a 
transmission type liquid crystal display is produced by this embodiment. 

[0060](Embodiment 6) Drawing 1 3 and 14 are process drawings showing the liquid crystal display 
embodiment 6. 1-13 are the same as that of drawing 10 here, and, as for the 1st silicon 
substrate and 1 7, the 2nd silicon substrate and 1 9 are mask materials a high concentration 
impurity layer and 18 16. The process in drawing 13 is as follows, (a) On the 1 st silicon substrate 
1 6, perform an ion implantation and form the high concentration impurity layer 1 7. (b) Carry out 
lamination of the (c) 1st silicon substrate 16, and form the single crystal silicon layer 4, after 
pasting together the high concentration impurity layer 17 and the 2nd silicon substrate 18. (d) 
Pattern the 1st silicon substrate 16 and expose a part of high concentration impurity layer 17. 
(e) Perform lamination of the polycrystalline silicon layer 1 2, and patterning, and form the 
polycrystalline silicon layer 1 2 on the high concentration impurity layer 1 7. (f) Form the 
polycrystalline silicon element 13 and the single-crystal-silicon element 6 on the polycrystalline 
silicon layer 12 and the single crystal silicon layer 4. Here, only the CMOS transistor was shown 
as a nMOS transistor and the single-crystal-silicon element 6 as the polycrystalline silicon 
element 13. Although not illustrated, the polycrystalline silicon element 13 and the single- 
crystal-silicon element 6 are electrically connected with the metal electrode, (g) Perform etching 
of the 1st silicon substrate 16 and expose a part of high concentration impurity layer 17, after 
performing lamination of the mask material 19, and patterning on the 1st silicon substrate 16. (h) 
From this exposed portion, oxidize the high concentration impurity layer 17 and form the 
insulating layer 2. (i) Enclose the liquid crystal 10 and close the circumference with the sealing 
agent 9, after countering with the polycrystalline silicon element 1 3 and arranging the cover glass 
8. Although not illustrated here, on the polycrystalline silicon element 13, a transparent insulating 
film, a transparent pixel electrode, an orienting film, etc. are formed, and a transparent insulating 
film, a transparent counter electrode, an orienting film, a filter, etc. are formed on the cover glass 
8. Although not illustrated similarly, the insulation protection film is formed on the single-crystal- 
silicon element 6. A transmission type TFT active-matrix-liquid-crystal display can be obtained 
by the above process. 

[0061]An example which produced the above-mentioned semiconductor device concretely is 
shown below using drawing 1 3 and the process shown in 14. On a plane direction <100>, 125 mm 
in diameter, 625 micrometers in thickness, and the p type silicon wafer of 20ohms of specific 
resistance cm, an ion implantation is performed and a high concentration n type impurity layer is 
formed. After forming a 50-nm-thick oxide film in a p type silicon wafer surface by thermal 
oxidation, When P ion was poured in in the range of dose 1x10 11 - 1x10 cm , the accelerating 
voltage 60 - 100keV and 1000 ** and heat treatment of 1 hour were performed in nitrogen, the 
500-nm-thick n type impurity layer was formed on the p type silicon wafer. After pasting 
together this n type impurity layer, and a plane direction <100>, 125 mm in diameter, 625 
micrometers in thickness and the p type silicon wafer of 30ohms of specific resistance cm in 
nitrogen, 1 1 00 ** and heat treatment of 1 hour were performed in nitrogen, and both were 
pasted together thoroughly. Then, lamination was carried out with the p type silicon wafer of 



20ohms of specific resistance cm, and the 0.5-micrometer-thick single crystal silicon layer was 
formed. A single crystal silicon layer is patterned by the dry etching by RIE, and a part of n type 
impurity layer is exposed. Furthermore, a polycrystalline silicon layer is laminated with a vacuum 
CVD method. Here, the 0.2-micrometer-thick polycrystalline silicon layer was laminated under 
the conditions of SiH 4 partial pressure 0.15Torr and rate-of-sedimentation 300 nm/min in the 
gaseous mixture of the temperature of 656 **, pressure 0.25Torr, SiH 4 , and H 2 . Then, a 
polycrystalline silicon layer is patterned. After laminating a 500-nm-thick BPSG film (Borono- 
Phospho Silicate Glass), anisotropic dry etching is performed and a contact hole is formed. Metal 
electrode materials, such as aluminum, are deposited by a sputtering technique, dry etching is 
carried out to predetermined wiring shape, and a wiring section is formed. 
[0062]Then, using a publicly known integrated circuit manufacturing process, on a polycrystalline 
silicon layer, a pixel switching element is formed with nMOS composition, and a circumference 
drive circuit is formed by CMOS structure on a single crystal silicon layer. The liquid crystal 
display was produced according to the example shown in Embodiment 2 after including this 
process. Then, after forming a 20-nm-thick nitride as a mask material on the p type silicon wafer 
of 30ohms of specific resistance cm, regist patterning is performed and some p type silicon 
wafers of 30ohms of specific resistance cm are exposed. Anisotropy electrolytic etching by 1 1 0 
** EDP (here, 7.5 I. of ethylenediamine, 1.2 kg of pyrocatechol, and the mixed liquor of 2.4 I. of 
water were used) is performed after this, and a part of this p type silicon wafer is removed. A n 
type impurity layer turns into an etching stopper layer here. Furthermore, by thermal oxidation, 
this n type impurity layer is oxidized selectively, and a 500-nm-thick oxide film is formed. 
[0063]The transmission type TFT active-matrix-liquid-crystal display shown in Embodiment 6 
becomes possible [ unifying and carrying a circumference drive circuit more highly efficient than 
before ]. 

[0064]In this embodiment, the combination of the 1st silicon substrate / high concentration 
impurity layer / 2nd silicon substrate is shown in this embodiment, and also it is possible to apply 
various combination. For example, if concentration of an impurity layer is made more than 5x10 
18 cm~ 2 , the combination of a n type silicon wafer / n type impurity layer / p type silicon wafer, a 
p type silicon wafer / p type impurity layer / n type silicon wafer is also possible. The 
combination of a n type silicon wafer / p type impurity layer / n type silicon wafer is also 
possible. About lamination conditions, it is possible to apply the same conditions shown in 
Embodiment 5. In electrolytic etching, it is possible to use other KOH of EDP, TMAH, etc. 
[0065]This embodiment is the same as that of the manufacturing method of the semiconductor 
device by the direct pasting method shown in Embodiment 4 except the point which forms an 
insulating layer after pasting a single crystal silicon substrate together directly and etching a 
silicon substrate, Therefore, about the details of these embodiments other than the above, it is 
possible to apply the same conditions shown in Embodiment 4 and a method. 
[0066] 

[Example]The detailed example using Embodiment 1 of this invention is described using drawing 
1, drawing 2 , and drawing 3 . 
[0067](Example 1) 

( Drawing 1 (a)) The 5-inch P type (100) single crystal silicon substrate (0.1-0.2-ohmcm) with a 
thickness of 625 microns was prepared, it set in the device as shows this to drawing 3 -1 , 
anodization was performed, and 20 micrometers of surfaces of the silicon substrate 100 were 
used as the porous silicon 101. The current density of the solution 304 at this time was 1 
mA/cm 2 using a 49% HF solution. And the porosity-ized speed at this time is a part for about 1- 
micrometer/, and the 20-micrometer-thick porous layer was obtained in about 20 minutes. 
[0068]( Drawing 1 (b)) With the CVD method, 0.25 micrometer grew the single crystal silicon layer 
102 epitaxially on said porous silicon 101. The deposition conditions are as follows. 
[0069]used gas: — SiH 4 /H 2 gas mass flow: — 0.62/140 (l/min) 

temperature: — 850 ** pressure: — 80Torr growth rate: — a part for 0.12-micrometer/ [0070] 
( Drawing 1 (c)) The substrate created with the described method was processed on 900 ** 



JP-A-H 10-293322 



15/26 



conditions among a steam atmosphere, and the 0.1 -micrometer oxide film 103 was obtained. 
[0071]( Drawing 1 (d)) Treated surfaces were pasted together after washing and carrying out spin 
drying of the substrate which oxidized the above-mentioned surface, and the 5-inch quartz 
substrate 110 prepared beforehand by the system using acid and ammonia. The substrate pasted 
together with the roller after that was pressurized, and heat treatment of 24 hours was 
performed at 1 20 **. 

[0072]( Drawing 1 (e)) The silicon board part 100 which is in heat treatment about 600 
micrometers was etched with 1:10:10 mixed solutions of fluoric acid / nitric acid / acetic acid. It 
is because removing a silicon board part by etching cannot perform heat treatment after 
substrate lamination at an elevated temperature, so bond strength is weak and shearing stress, 
such as grinding, cannot be borne. 

[0073]Only the porous part 101 was etched altogether selectively, having dipped this substrate 
into the selective etching solution succeedingly, and applying an ultrasonic wave in the place to 
which the porous silicon 102 was exposed. An etch rate [ as opposed to / this time / a 
presentation and single crystal silicon of a selective etching solution ] and the etch rate to Si0 2 
are as follows. 
[0074] 

Selective etching liquid = TMAH solution (24 ppm) 

Speed for silicon etching = the substrate provided with about 0.2-micrometer monocrystal silicon 
film the following, as a result on the transparent quartz substrate by pair Si0 2 etch rate =1 A/by 
5-A/was completed. 

[0075]( Drawing 2 (a)) Except for the transistor portion 202 of a circumference driving circuit part 
at the time of creating a liquid crystal display, dry etching of all the single-crystal-silicon thin 
films was carried out with the plasma source. 

[0076]( Drawing 2 (b)) The patterned single-crystal-silicon thin film 202 is served as bond 
strength strengthening of a lamination interface, 200 A oxidized in 1000 ** dry oxygen 
environment, and 800 A of polycrystalline silicon thin films 203 were succeedingly deposited at 
the temperature of 620 ** by LPCVD. 

[0077]( Drawing 2 (c)) Except for the picture element transistor portion 203 of an active matrix, 
dry etching of all the polycrystalline silicon films was carried out 

[0078]( Drawing 2 (d)) The surrounding transistor circuit 204 for a drive and the pixel switching 
transistor 205 were respectively created using the usual IC process. 

[0079](Drawing 2 (e)) The capacitor section was formed at the end with transparent electrode 
materials, such as ITO which is publicly known art, and the whole was covered with the 
transparent insulating film 209, and also the sealing agent 207 and the glass cover 208 were 
attached, and the liquid crystal 206 was enclosed. 

[0080]The active-matrix liquid crystal display was completed by passing through all the above 
processes. 

[0081](Example 2) The details of Example 2 of this invention are explained using drawing 1 and 2. 
[0082]( Drawing 1 (a)) to ( drawing 1 (c)) carried out like Example 1. 

[0083]( Drawing 1 (d)) The substrate 100 which oxidized the epitaxial silicon surface, After 
washing respectively the 5-inch quartz substrate 1 10 prepared beforehand, the wafer was put on 
inter-electrode [ which has parallel plate electrodes for each / of a plasma generator ], and 
processing for 30 seconds was performed in the plasma of CF 4 +0 2 gas. Surface Si0 2 of each 
substrate was activated by this processing. Then, after only pure water washed the substrate, 
the mutual mirror plane was pasted together. 

[0084](Drawing 1 (e)) 610 micrometers of the silicon substrate 100 sides were ground with 
surface grinding attachment, and the porous silicon layer 101 was exposed on the surface. In 
spite of not heat-treating by activation of the lamination side of a previous process, grinding has 
removed the silicon substrate because bond strength was very high. 

[0085]The exposed porous layer 101 was selectively etched with the mixed liquor of 1:300 of 
fluoric acid/hydrogen peroxide solution. The etch rate to the single crystal silicon and SiCL of 



the solution used for selective etching is as follows. 

[0086]The substrate provided with about 0.2-micrometer monocrystal silicon film by opposite 
silicon = 3-A/on pair Si0 2 = 6-A a part for /as a result and a transparent quartz substrate was 
completed. 

[0087]( Drawing 2 (a)) It continued, and like Example 1, it left the monocrystal silicon film 202 of 
the transistor portion of a surrounding driving circuit part field, and others were etched. 
F0088]( Prawing 2 (b)) 200 A oxidized the patterned single-crystal-silicon thin film 202 in 1000 ** 
dry oxygen environment to serve also as the further strengthening of the bond strength of a 
lamination interface. 

[0089] 1000 A of amorphous silicon membrane 203 was succeedingiy deposited at the 
temperature of 550 ** by LPCVD. Ion implantation equipment was used for the amorphous 
silicon film 203, silicon ion was poured in, and membranous perfect amorphous-ization was 
carried out. Next, this substrate was annealed in a 600 ** nitrogen atmosphere for 50 hours, and 
AMORUFASU was polycrystal-ized. This polycrystalline silicon film has particle diameter larger 
than the film deposited in the usual LPCVD, and the characteristic besides mobility at the time 
of using a transistor is excellent. 

[0090]About ( drawing 2 (c)) to ( drawing 2 (e)), it carried out like Example 1 , and the more highly 
efficient active-matrix liquid crystal display was completed compared with Example 1. 
[0091] 

[Effect of the Invention]As explained above, the single crystal semiconductor layer and the non 
single crystal semiconductor layer are formed on the insulating layer by which the liquid crystal 
display of this invention was formed on the semiconductor substrate, It becomes possible to 
unify on the same substrate and to form the semiconductor device from which performance 
differs by electrically connecting the semiconductor device formed on said single crystal 
semiconductor layer and said non single crystal semiconductor layer. For this reason, the cost in 
a mounting step can be reduced substantially. 

[0092]In the liquid crystal display by this invention, since a circumference drive circuit (or 
control circuit) is a silicon-on-insulator desubstrate, the circumference drive circuit (or control 
circuit) a high speed drive, high speed operation, the miniaturization of an element, whose high 
integration, etc. are attained from before is obtained. The effect taken above becomes so large 
that highly minute-ization of a liquid crystal display progresses. 

[0093] Making full use of the lamination art using porous silicon, a monocrystal silicon film can be 
formed on a transparent insulating substrate, and the circumference drive circuit which needs 
high driving ability on this single crystal silicon can be obtained. A highly efficient active matrix 
type liquid crystal display came made by forming the non single crystal silicon transistor which 
has the switching characteristic excellent in the characteristic in a picture element part also to 
optical leak. 
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[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the manufacturing process of the liquid crystal display of 
Embodiment 1 

[Drawing 2] The sectional view showing the manufacturing process of the liquid crystal display of 
Embodiment 1 

[Drawing 3] The figure showing the process of anodization 

[Drawing 4] The sectional view showing the liquid crystal display of Embodiment 2 

[Drawing 5]T he sectional view showing the manufacturing process of the liquid crystal display of 

Embodiment 2 

[Drawing 6] The sectional view showing the manufacturing process of the liquid crystal display of 
Embodiment 2 

[Drawing 7]The sectional view showing the liquid crystal display of Embodiment 3 

[Drawing 8] The sectional view showing the manufacturing process of the liquid crystal display of 

Embodiment 3 

[Drawing 9]The sectional view showing the manufacturing process of the liquid crystal display of 
Embodiment 3 

[Drawing 10] The sectional view showing the 
of Embodiment 4 

[Drawing 11] The sectional view showing the 
of Embodiment 5 

[Drawin g 1 2] The sectional view showing the 
of Embodiment 5 

[Drawing 1 3] The sectional view showing the 
of Embodiment 6 

[Drawin g 14] The sectional view showing the 
of Embodiment 6 

[Drawing 1 5] The top view of the conventional liquid crystal display 
[Description of Notations] 

1 Silicon substrate 

2 Insulating layer 

3 Amorphous silicon layer 

4 Single crystal silicon layer 

5 Amorphous silicon element 

6 Single-crystal-silicon element 

7 Opening 

8 Cover glass 

9 Sealing agent 

10 Liquid crystal 

1 1 Picture element electrode 

12 Polycrystalline silicon layer 

13 Polycrystalline silicon element 

14 SOI substrate 

15 Insulator 

1 6 The 1 st silicon substrate 

17 High concentration impurity layer 

1 8 The 2nd silicon substrate 

1 9 Mask material 

21 Pixel switching element (TFT) 

22 Buffer circuit 

23 Horizontal scanning circuit 

24 Vertical scanning circuit 

25 Display pixel 

26 Substrate 

100, 300 single crystal silicon substrates 
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101 The porosity-ized silicon substrate 
1 02, 202 epitaxial growth layers 
103 EPI oxide film 

110, 210, and 406 Transparent insulating substrate 

304 and 304' anodization liquid 

305 and 305' positive electrode 

306 and 306' negative electrode 

401 Picture element switch 

402 The buffer part of a shift register 

403 Horizontal shift register part 

404 Vertical shift register part 

405 Liquid-crystal-picture-elements part 
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> ■? x^©sa»«t o mtv y a >B***i,fcfc, 

WBJMfcfcf^Ts BWfcfchKJKO. 2/im©f8a 

^ya^awsrs. c©£*«fo^bs*i*©»j5i 

2EI!itiafS^Bfi£TSSP5}-©^-e*0, 11**4 

t>r. *iwr^y=»B©**ir*. c©sl 
j^y 2>ib±(ccmo sm^mmamvamtf 

CCCBMOS • ^775 

HfbSCj^TSffil 150'C, BHtaflES. 4nm/m 
i n©*#Trj|B5SU B 3*5 0 nmi MOT 
m S 4 4 0 n mOftttftW V 3 >B£*g H7> 
f4F74xy^>^f^r^-h*S*^r-5o C 

25Torr, S i H^itfH.OfiSSWttrt!, Si 
H 4 #E0. 15Torr. ^!M3 0 0nm/mi 40 

n©^Tt?ffofc 0 

[0 0 3 4] C©m, 4*>£A*ffo-CMOS F5> 

'j?>^(i:o^taF-X12x 1 0 ls cm 

*■ FL/4>*«*?l&au BS2WftHKfc"^TitF 
-Xfil x 1 C'cm-'CAs^^SAUnMO 
S h?>y*if©y-* • FW>*W&0fifcU F— 
X12X1 o ls cm-'©BF,4*>£&Al/CDMO 
SF7>SP*#©y-X- FW>KW&JB&l/fc. -C so 



*>ttAaK(ja*iti-c i o o o -a 1 o»ra©M^a 

jWrbtiT US. JtUTBS 5 00nm©BPSGl 
(Borono-Phospho Silicate 
Glass) £SB0fcfI. RSttF^-fx**:/** 

mmmmmc f ? 4 * » ^*tr ^ -cehs*^ 
j&rs, 

[0 035] *i»r 1 TO&£©aw«fitmK J: 0 . 

gssi^ife&siimsffi^^ofcfg, Shamir 
fafi£tt*«5. *©a. ^©jgftn^sfKias^n 

•feX^fT-oT. iftft-fe^4f¥«rS. g$tc9 0°C©T 
MA H (*h9y**7>*-$i^W Fn*tf-f F> 

©-»*l»*r5. c crifflMtKitx F » 

[ 0 0 3 6 ] HMJSg 2 KS5rBHfflT F T7 * f- -f 7" 
■7 F y f xflSS^SKi. fit* J; 9 iHtt1Sg©M2SKSJ 

BB*-*f b u r »«r a c i 3Win« t & * . 

[ 0 0 3 7 ] $Htt^SI{C^TS3iMTF T7i»f^ 7" 
MBJJELfc«£ECVDS©f6. ^B-ftB& 7-* 

TiBire**. mmtkwtbxu, 

»SiH 4 . Si,H 6l S i C l C4#F5T 
tfcC&Z. C©^ SiH 4 rttBE»0. 5~2. 0 
To r r, fig2 5 0-3 5 0°C s ?U~§ZMJ$mL5 

0 - 4 5 o h z ©»Hr*MiJ/ ^ >B*asr C 

fW^SiL-Ctt. SJECVD& «ECVDS. 75 
X^CVDffi4:£*ffilr>5Ci39^Itt"r*S. C©» 
^ m«»ECVDftt?tJE»0. 1~5. OTor 
r. SS4 5 0-9 0 O'CTS i H„ S i,H„ Si 
H 2 C l ,ft£fc#**fctt»r*fiLTfT9 C <t=&SoI 
S i H^SSRTMSRrSHte, S i H 4 jfflE 
B2 0-3 0%©©HrfT^£li^Bjft6-C$.-S <> SfcS 

1 h 4 <omsm^mLx^ffis,i/ y 3 >B^asr a 

«^B, S i H 4 «W?r5j£iBttttl». 
[0 038] «tSA^ y 3 >B©JB«B. *SJI^*i-t? 

A, KrF*XeCia^©i*iV^l/— !f«f-A. % 

Ci36JitJffir*5. SSVthELfcl/— !f7--*fflfflJ5S 
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ttcmm&i/ y 3 >ji©#*MHt**T 5 c t & wn-c 
*s. c©«£. #jms/ y =1 >*Kas 500-12 

0 0 a C©$5BT . &mSkf V 3 >JlBgg 8 0 0-12 

fcB* h 'J ->7t-$lcJ:*)mmL-C< *(Sfift*fr5 

& ^ffiCVDS, ^7XvCVDffi4 

*-»*HMb©ffii. F^BWfc, ->*^HWL 
AMft, SM&£*fflt»fe^ay>IWb&£TfT5Ci 10 
aiifftt'C**. C V DSTCttT EOS (tatraet 
hoxysilane) %ffl( 1 »SCifenItS't > *S. 

[0039] mm?, j ■ym^-i-z^'cuv mo s 

Ko(,iTBCMOS*J5jfiOfl{t. 3 6fc|HH&j*fiLtr 
SfcaK/t-ftf-^ • hv>i?Z*1:fSt*B i -CMO 

ttte *»tr c 4 jw-c a? 4 1> © * i * Kffffl-r * c t * 
"jure* 5. 5/ya>a«©x»*>yK:oivctt. ± 20 

BUfcTMAHOft, EDP (xf V>i>7 5>t'a* 
f-a-A) , t F2t?:>***. (KOH/ 
^V7-a^V-;k KOH/fc F95*>aa*B&*> 
tt£©T**ytt^m»4C£*nWfrTr*&. 
[0040]$ fct^«9^«rit!^^3q^B^ y 3 

[ 0 0 4 1 ] c cxmrn^m^^-m^^^x 
s&KBixas^s. Ewtcw-rsasTFTr** 1 .* 
h y * x&n^miSE-cB, 06(b) k^i-j: 5 
Kisttaq^rFos' y 3 ymm^ 1 tcm^ m 

mm2 (ci^tf J: or b* , £A£ftfc7t 

*^KttoT0*5&£©ra«jS*£i;rk*5. *fc 40 
attcttKM 2 fc jfcttt 3 1 , 9 0 

«fiissfift»irF©s/ y 3 >ss»£ b fcti^, mm 
J82 k if 3 » r h * *> & £©w«^*4 ox h 

[0042] *mmme\*mmmt ^xm\mm^ 
zct h~5mx&z>. wt \*mm& 4 0 0 n mm 1 

fcflte, c©ffltKKB5loSB9i£***3&»3&»0. *©£ so 
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OaH5ft3 0#nre*-*fc. 0 . 7 

-f>*. -feJWI4yni©}iSS«TFT7i>? ^7h'J 
^^aBftft^HB-Ctt. TFTrWffiRfctiSHSM 
JE»3W*»35»oT*»»). *©S5i*«0^10 0(im(D« 

0 0~6 0 0nm©WS#!iaS£tt5. fcEU £SCC 
ttJfilWLbKTFTTU^J^iasnSfc*. fS^fcJ: 
t>*K 0 SBT F TT U t,fc(mr±IB©«H* 

0 0Mm£M*.£i#£. 3ltlf©3l-3 3B9fcJ:gK*Wi 
tll5. »fc*©JB]«#i££ lT»iglt& SI£C 

IBECVDSc. :/3*VCVDffi&££fl!t>S 

[0043] (mmrnms > a 7 b*^bjk cts?saa 
^»a©*lBi?«3 4^rKiSiia-e*4. ccr^yn 

>a«l±KBtemJS2^fiS53^TfcO. *feii®2± 
KLB^fga>>y3>S 1 2*£0«tt«v>;=i:/*4* 
jBBSS*iti»s. 2±Ktt^ttft^ 
y=i>3R^i 3 a*i>& < £ <> 1 m.±.mv f> nr fc 0 , 
JNM3' y a >H4 ±fctt JMSHS/ y 3 > JR*8 **joa 
<iti-3a±R»6tirc»*. c©^*ss->'j3>3S 

^ 1 3±(CBB38«ffil 1 JWBj£«**rC*»D. ^ttJI!^ 

y 3 1 3 i#fe H %>- y 3 ym* 6 1 ij«r«ks 

Kill 0**JAl^"Cl»*. CCTB«*J/'J3>« 
^•1 3=£TFTiUifi:„ 

[ 0 0 4 4 ] m 7 k wiiSfiaw«iiii58£T ftt 

r, «ft©S*«Jnm<l:&tiS. afc. MS^nSia-c 
ttc©ffiEiajit. «3feffiaiw 

[ 0 0 4 5 ] m 8 . a it^mmBMicmtwimmiw 
(DW&xmzmiMmxtbz, c cx 1 - 1 3 as 7 

H8K*j»SIgttfi(T©3i')-C*«. 

( a ) %/ y 3 1 Hzmm 2 *jg«a-r s. < b > 
«W2©^*-->i'*tTr>T. '>y3>asi©- 
a5*«(m/fc». infiia^';3>ii2*aa-r*. 

( c ) 5/ y 3 >me 1 ©stiiSPcfc 0 ^fir a ^ y 3 >m 1 

2 ©BteJUt^fT 5 . fcK 0 . *(Sft J"J a >« 1 2 © 

BBisfiffc-eT. mm 2 ±kb3hss^ y 3 >a 

1 2tJMMlS/y3>Ji4*»ft«. <d) ^SA5/ 
y3>»l 2±*jJ:^*JSfli/y3>JI4±Ktt. ^fe 
fti/ y 3 >*f 1 3 *j J;^mJSS'> y 3 >^ 6 ZWM 
TS. CCfBM H B a ">';3>f?l 3iltpM0S 

«SSi/y3>^6<ht-CCM0S F 

S5/-y 3 >m^f 1 3 i mskts y 3 > *^ 6 4 B&SS 
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[0046] y a ^m- i 3 ±K.mmmm i i 
±t*8rif±-rs (09) . ccnjBK*ty-ct»«ti» 

&Lk®JMK.*- 3 X. H7(OiiTB8WSTFTT* 

[ o o 4 7 ] mmm3 Km-sumrF ttz ? a ? 

[0048] #*SfeWc^TJ5IMT FT7i'7"^v 

#£Wtttfftr-»jiS-f*c££, ^yn>MRcDi y ?- 20 
>y**Tt>ftt*c ^eureiHtigff 1 «c*-r 

IOT^i;ttl»^*©l»tOS*fltaA:* < ft*. 
[0049] (XN0|$*4 ) H 1 0 tXttttUHMfCOT 

CCri-13iJ08, 9iK— 14«S 

oisRr**. mi oK*»tf*istt«T©aor* 

5o <a) S0IM14K*1»T, (b 30 
f *tro-C«t»2 ©-»*WHT*. ( c ) 

m 2 ±(c^^a>> y 3 >h 1 2 *jiassr s . ( d ) m 

fti/ya>Jil 2±*J:Cf««r4vy3>JI4±K. £ 

isn^ «; 3 1 3 to j: vw&mis y 3 >*? 6 -m 

CCrttWSfii/ya^JR^-l 3iltpMO 
SB>WJ, *BJ|f ya^JR^-eit/TCMOS 

isaj/ y 3 1 3 £jjm£h^ y 3 e £ «&js 

Wi-«ISW9KlB»3hrt»4. C©a«K6©l*lK: 40 
H5CDigfcj:ni*S«ffiTFTri'f-^^hy 

[0050] mmmA tcwraai! t> u < 

iws^MizaMiiia««^fcLTi^5cii8nfr* 
tft*. 

[005 1 ] SOI »R©fflKtt(C-oi»-cti-f *>£A 
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4 wcc««^*>*aAorsoi««t* 
fWr*3SrttBs iMoxtttj:tfnTjz;<«i»6tir 

t>4. *A:BK»&ffi«ZtSc©J/y3>a«*«Mlt 
fl-L tte D -#©-> y 3 >3«£SH{b 0 

■CffW 4 feOT* 9 , «Wfc©2fffii LTSBMEfctt 

[0052] «imir^^s o i ssBtirn© 

>SEAffi*m»fc»^j/y3>afi4itci«^*>4a 
ALTi8ftffi£, 8jiw*>*8EALT3{fc»&»aiB 

ft<. B*fc£. RJ*ft£ttft*Sh4¥*tt3a©Stt 
MR*. TJl/3">fti'©3Rg 

m~c. us. 900-1200 vom-emicffiRt 

[0 053] *HifeilfJJII5±, » i^Fto «fc 

3 K^-r t m®v& *) . ffi^T±^^o*wijiflio 

WMZ 4 v * > £ LT±iE l/fc 3 ir?*? "Cab 5 
TFTOfc 2^f?T^TFD (SKf-f^- 

F, Thin F i lmD i ode) WSCitnJ 
S&r&S. TF DtJa^M I M (Me t a 1 - I n s u 

1 a t o r -Me t a 1 ) mmZtZtclb. Mff"J 

a>m^mm^v^ymmmt^mm^\ tf 

i, WIIIKCMlfilMlil/fTa.O.ftirtffltiSCi** 
3H>. ^/t-f^Wfi-etJ. TFD*?-4£yijKE«LT 

[0 0 5 4] (Hte^SS5) HI 1, ^H&A&NS 
■©39ft»!65*^-S-XgH'C*5. ccr?l-i3tt 
H 1 0 £1^— t?* "3,15 ii*fiM*r*§ 0 H 1 1 tcte 

vz-imwTfomKi -vhz. ( a ) ^y a 1 £ 

5£*tet)^6#4 0 (b)J"ja>«Rl* 

>^t^t»^ i s®-^immz. < c > 

gvy3>m 2©SJitoJ;D f ^*-->^*tf-9T, 
i 5±KS«fii/y 3>« i 2 eits, 

(d) ^a^yn>Bi 2±toJ:^*Sg^'J3>li 
4 _hfc. ^ss^ y a i 3 to<fc of*«Si^ y 3 > 

*-?6S3PJiW4. CCrttSHefti";a>SIW-l 3£ 
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TCMOS h-5>i?*£©#£^Lfc. ^tcM^bX^ 

'J 3 1 3 t#ss^> y 3 yx* 
e t&^mmmxm.mcm^nx^^ (■ i 2 > 

3±(c«j>iJlMftttR. jfOT^Sfo EfflM&£#»£ 

EfSlK, 7^W5£'«)!SJtitU5. HNS 
KH^ur^&n*!, **a^y:a>*^8±«:fca6* 10 
fiSU*#J&£3irC(,»5. «±©X«KJ:-?Tajlg!T 

[ 0 0 5 5 3 H 1 1 . 12 ttSf ZLg£J8t,*T. Sftft 
KJtK©«ftS5ai»*ffl«Lfc-«%e(TK*1-. ffl 
^S<1 00>, %% \ 2 5mm, «3 6 2 5(tm, tt 
ffitftO. 1 QcmOpS^'Ja^-Ji^i, j£gl25 
mm. Jl§62 5Mm<D^fi5f53l#7^t4a5f)^fc# 

■nt, sn^-cps^yn^^x^^^s^v^i 20 

9x/vfcJIS0. 3Min*t?SfB{tl/fc». RIE (V 

JI©yt$-i>Jf*tT-3 , r 4 £/£E3t#-5*©-SI>&SI 
U3T-5. CC"CttpBS/ya>>?x^*J*3 1. 0(im 
* -eWIIIW*K J: o TilStt l> fc«. HUm orr, 
Mimif 1 eVJiiTO^X7ij?>^1f^t. ± 
K©W3©*ttllJ' , J3>lf41*fc. *fc. SKMEC 
VDffiK«t« 3 r*|gfti'y=i>i*ai-f*. cct?k 30 

fi£6 5 6 a C, EtjO. 25To r r, Si H,fc<fctf 
H, SiH,#E0. 15Torr,li 

Soia3 0 0 n m/m i n©£#Tr*JI3 0 . 2 *tm© 

[ o o 5 6 ] m^^mi^v a >*©At 
fT5„ cost ^©***«KiiaBies^o-fe^*ra 

t >X . y 3 >B±K n M 0 S flWtf H3£X » 

M»igiEg£»j£T£ 0 C©Xg4£tf>TJK»fct. 

^fc 0 fcEu *so»i?*rtti/y=i>as«©ft*j»)K 
mmz tcrnis y 3 >««©* » ^igHsras 

[0 05 7] 3mftm5K.m?%&MTFTT2T<t7 

•?vvt> ^mskmrnrnt. %m £ 0 ai4te©jsafg«i 

[0 058] 43^tt?t;&lBitttt£ LT£js£E3&tf 5 

xtjaurt***, fl&K*nsE£2/5* 4 was*/? 
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Til*r*4. tfcte^©fMia^iL,Ttt^*, 

s^*, mm ■ mmsnmx, sk2 00-500 
[0059] i&gmmt> ma&> y ^ >a^<tmst 
i^>y 3>stg©x ? ^ >^*fft)f KajK[«iiai 

c 0 0 6 0 ] (m$me )ii3. 1 4 tmaawm 
W9M?lt6*^rigig-e*5. ccri^i3tJH 
iotn--e*o. 1 e »*i©v i7» 

KSSTItftJI. 1 8 tJ»Z©^ •;=!>*«. 19^-7 

HI 3Kfctf*XSttKT©Ji')-P* 
5. (a) mi<DU")x>mfel 6±it>ftf>&A>HT 
•o-CifiiBE^NS«M 1 7 *3KflET S. ( b ) AMUR* 
Wll 7 i*2©i/y=i>ai«l 8 

a. ( c > Hi ©~> y 3 1 e mmtt vrm§k 

->'j3>g4*0ffit^ (d) »1©S/';3>JSK1 
6<DM-~>>fZft->X. *MIII^«WM17©-aS 
(e) ^^>y3»112©SHfcJ;^ 

/<*-i>**tx^r. ismmmmmi 7±cc^*sa 
i/vxymi2&mmz. (f)^^y=>»i 

2±fcctt>'^»^ y 3>jf4±{C l IdSA^y 
tt^»fii"J3>* : f 1 3 tLrnMOS h?>^ 

1 3 tm^ y 3>^6 iB#ss@-csaw 

«c«a*StiT»,»5. (sr) »l©^ya>S«l 8JtK 
9©«H*J:CM*-->J'*ff-*fc». * 

1 ©^»j n>»ig 1 6 ©x ??^#&^Tmmm 
®mn®-uzmmz„ (h) c©«ttia»j:9i« 
^m®JB 1 7 ©sHt^ToT . fesji 2 i^jatr 

v% 8 ita 1 0 ^MAbraH^S±M 

3>*^i3±Kttaw«wi. mwwmnm. m®wi 
set 

[ 0 0 8 1 ) H 1 3 . 14 fc^rxg*ffll»-C 4 ^ftW 
K±E©*»fl«B*faibfc-W*eiTK*T. ffl^ 
f<100>, SSl 2 5 mm, J?S 6 2 5 Jtffi 



(10) 
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!S2 0Qcm©pM^y3>'?x>'^{c > ^:>iiA£ 

UfcSL P^^F-XflxlO'^lxlO^c 
m- J , 3ffi£*E6 0 - 1 0 0 k e V©«HT?ftAU £ 

*t>-e 1 0 0 0 -a 1 lmmm&fi 5 £ , p sj/ y 

3>^x^±K.«S 5 0 OnmOnI^ti«S 

tifc. t<Dnw?mmm±, e#&<ioo>, asi 

2 5mm, JfS62 5(Lim, ttSiK3 OQcmOpSi' 

1 0 0 -c, 1 mmm&xt-txnttmitmit 

t>mc »^TJtffiK2 0£2em©p^'Jn>^x^ 
KJcOMMfcO-OfSO. 5 it mOWUS/ •;=!>■* 

3>B©A$t-x>#£?T^T, nS^K»B©-«* 
S6KWEECVDft{cJ:oT*ttfi4";=i> 

B£«B-f£. ccrtjfise 5 6°c, e&o. 2 5T 

orr, S i H 4 te«fcJ>*H 2 Ofi^Mft*-c. S i H 4 # 
E0. 1 5To r r, ±tMS3 OOnm/mi n©& 
#TTff3 0. 2tfm©£ISftS>ya>Ji*«iUS:. 20 
m>r&G&i> U 3 >*©><* **ff 5. 5 
0 0 nm©BP SGM (Borono-Phospho 
Silicate Glass) fcSBLftfg. g# 
tt ¥ ? -f x » 9 > -» X 3 > * * F * - Jl/*0fiSf 

[0062]CO^ ^©¥*#£«ll*&i£i7n-fe 
X*ffll>T, *»fti";3>JB±KnMOS«BSriii3R 

#SS^'J3>B±tCCMOS« 30 

». HSfi^Si2 ^K^rJWfrWK J: r^^^SJS© 
flWfcfr ~>K~ m^xitmm 0 Q c m© p M'>'J n > 
^xa±(c-7^ £ LXmZ 2 0 n m©gft]S£Jgf& 
LttfkWX F^£-x>^ToTlttStS3 0 Q c m 

tJOEDP (CC'CBi? i V>y75>7. 5»J»F 
;k ep*f3-JH, 2kg, #2. 
£**fflt»fc) KJ:S*^ffiW»x 9 ^>y*ffr,T, 

copa^y=i>^x^©-»4Hi*'r$. ccmi 40 
^«»Jitix»^>^x f ^(«jt 

KJ:^TC©nS^lK»Ji*aKBKBWtOr. £3 5 
0Onm©BWfcil*«JStr4. 

[00B3] SOl0&»6K5VrajiSTFTTi'f <~f 
v F y * %WG&mtffil. «£ 5 lSffitl©JS3fg«j 

[0 064] #£S«0&MWIi. * l ©f V 3 
iMC^5»»)l/* 2 ©^ V a >fflK©«*^*J«K-3i,> 

c t&«iMx&6. wm^mzmvmstz 5x1 so 



0 1 8 c m- 1 JELh i T*i«n HJ/ 'J 3 > «?x^/n 
tlE/plh:>y 3>^i/\ pI^yn^-JiA/pS 
WW/nSfJ 3>?x^©ffl&£bi±fcpJflg-C& 
£„ UfcnM^y3>^i^/pSi^M^B/nS^y 

3>$x/%©fi»£*5*«,iir«6T?*s. tto^ti^ff 

iWflJtBT**. «Wx«!r^>^rBEDP©|fiKOH, 
TMAH&fSffl^SCianmc**. 

[006 51 ^isw&ts, m&p y 3 
iyf»)^b-&"Ci'y3>3tts©x9^>i/*«-,fcfMft» 

*3^re«©»ffi£ffi£iaHir* d , ^t±iej£W 

[0066] 

] si, 02 sow 3 zm^x^mwvmMfc 
mi ***tdmtimiMiWit&. 

[006 7] (IHfeMl) 

(01 (a) ) 6 2 5 5*n>©J*#*J#.»fc5-f>* 
PM (1 0 0) «ftlVV3>fflg (0. 1-0. 2 £2 
cm)*Jg«U Cti*H3- 1 tc^fi^ttSKK-fe 
? F 0-CfWft«*1f ttt>, y 3>S« 1 0 0 ©^M 
* 2 0 (it m«tf OTJtS/ y 3> l 0 1 Klfc, C ©Bf © 
«HS0 4»4 9»HF»«t»«r», SiSffiiSfctlmA 

/ci'riofc. *trci©ii#©^Leffc3SBiSn 

iim/rai), 2 0 mn©J?^©^?LI!Bttfj2 0# 

[0 06 8] (SI (b) ) twaa*?LitJ";a>i 0 1 

±{CCVDffiKJ:0, «WIA^ l Ja>fll0 2«0. 2 
5MmxK**i/*A-B»lyft:. ^^ttttWT©i*J 

[00B9]fiW*^ : S iH,/H z 
#*ifcR:0. 62/140 ( 1/min) 
Sffi : 8 5 0"C 
IK? : 8 0 To r r 

0. 1 2iim/^ 

[0070] (ei i(c)) immtcxfmbttXR 
tommi 0 3 4#fc„ 

[ 0 0 7 1 ] (H 1 ( d) ) ±leSffi^»tL/!:S« 

i, ?$>mmLxto\<>tc5 4y?<D&%mmi i o^k 
• r^xrftfflirifcftrftsu/. jtioiaiLfcafc 

^i+/cSfett]KL, 1 2 0-CC2 4«ra©IMLffi€:tf 
[007 2] (01 (e))|«fi6 00/iiM 

f y =>»fit»» ioo§7 vWu^m/wm> i : i 

0: 10iBdigifirx^^>yLte. lyf^KtV 

y 3 >s«a5»*HiSr s©». Sfitey ^t>««©fii 



19 

[0 07 3] £?L»'>'J3>1 0 2*m8iZl*:fctC6 

&tm&p>wtm&ivRmi o i©**«R»tc# 
i*Ba^ y 3 x , * > ^is. S i O* K 

[0 074] 

afRx??>^*=TMAH*jS« (2 4p pi) 
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